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2 Laboratory Apparatus 1ique

The apparatus used in the present experiments is shown in
and 3. The arrangement of the basic components is shown schematic
3 i 2 bv the

n Fig. 2. The basic components are indicated on Figs. 1 and 2 by the
erence numbers
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Various Tent Anchoring Devices
German 9-inch Magnesium Bayonet-Type Tent Pin.
andard U.S., Army !

Aluminum Tent Pin,
Army wooden Tent Pin,

Fig. 6 Side View of Stress
Pattern of 9-inch Aluminum
Tent Pin Under a 10-Pound
Pull.







stress concentration visi-
ble at the surfare of tlc
geiatin is significant.
The stress lines are so
close together at the sur-
face that they appear to
merge into a single black
band. Fig. 7 shows a top
view of a similar pin. The
stress pattern is typical
of all the pins studied.

The next pin utilized
was the standard Amy 9-
inch wooden "pup tent"
stake, shown in Fig. 5C.
It is circular in cross-

Fig, 7 Top View of Stress Pattern of section and weighs from 1

Bayonet-Type Tent Pin Under an 8-Pound to 3 ounces, depending on
Piil. RE the type of wood. This pin

is capable of holding loads
up to approximately 150
pounds, if soil conditions
are favorable, In sandy
or frozen soil, it is a
poor ground anchoring de-
vice. Fig. 8 shows the
9-inch wooden pin being
pulled out of the gelatin
at a load of only 7 pounds.
It was this photograph
that first prompted adopt-
ion of the two-view tech-
nique. The region of max-
imum stress is very near
the surface and is much
more readily observable in
a top view, as shown in
Fig. 7, rather than in a
Fig. 8 S5ide View of Stress Pattern o side view as shown in Fig.
Wood Tent Pin Under a 7-Pound Pull. 8.

The third item studied was a cast magnesium bayonet-type stake ob-
tained in East Germany. It is shown in Fig. 5A. This pin weighs about
2 ounces and is nearly 10 inches long. Field tests showed that this pin
was suitable for hard clay and would hold up to 400 pounds where the
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A. Under a 2-pound pull

B, Under a 4-pound pull

C. Under a é-pound pull

iew of stress patterns of bayonet-type tent pin

[
[



A. Under a 6-pound pull

®20 Tei Ly,

‘I "' B, Under a 19-pound pull

. Under a 28-pound pull

Figure 10 Side vie

under various pulls

w of stress pattern of ground anchor
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ground was frozen or very compact. Like other tent pins, this item pro-
vides very little holding force in sandy soil. Figs. 9A, 9B, and 9C are
side views of this stake at loads of 2 L, and 6 pounds, respectively.
The maximum load for this stake was € pounds. Fig. 7 shows a top view
of the same stake. Other types of tent pins produced essentially the
same characteristic stress patterns as those shown, with the greatest
stress located near the gelatin surface.

The fourth and last item studied was the newt arrow-shaped ground
anchor shown in Fig. 5D. It weighs less than 1 ounce and is a little
more than 2 inches long. This ground anchor is driven to a depth of
from two to three feet into the ground by using a sledge hammer and a
piece of pipe. The pipe (driving tool) is placed over the spindle portion
of the anchor before driving and removed from the ground after the anchor
has been driven to the desired depth with the hammer. The guy wire or
cable is attached to the anchor plate before it is driven into the ground.

i
O .

This new anchor is self rlvpuxr* in the ground so it is not necessary
to drive it in at any specific angle. Ia frozen soil, it has held 4,200
pounds when driven to a de pt. o’ only 9 inches, and in hardpan (unfrozen)
it has held in excess of 2,000 pounds at a depth of 26 inches. Unlike

the tent pins, it will also give a reasonable holding force (300 1lb.) in
sandy and gravelly soils, when driven to a depth of from two to three
feet, Figs. 10A, 10B and 10C are a series of side views of the stress
patterns of this anchor in gelatin, at loads of 6, 19, and 28 pounds,
respectively. Fig. 1l is a top view of the same anchor at a load of
20 pounds. The maximum pull withstood by this anchor in gelatin was
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pounds.




Fig. 12 Actual Field Test Showing Typical Soil Failure Caused By Ground
Anchor Ultimate Pull Test.

For comparison, the results of an actual field test1? of a ground
anchor are shown in Fig. 12. The anchor used in this test was an early
model of the one used in the present study. The ultimate pull when soil
rupture occurred was approximately 1 ton.

It is interesting to note that, even with the relatively shallow
gelatin tank, the new type ground anchor withstood a pull more than six
times greater than the maximum withstood by any pin (65 1b. as compared
with 10 1b.). It misht be argued that conditions were not comparable and
that the pins should have been buried to the same average depth as the
anchor, However, in actual use the pins are not normally buried, whereas
the anchor is. Therefore, test conditions used are in accord with actual

14


























